Attention is increasingly being given to understanding sex difference in psychopathology to better understand the etiology of disorders. This study tests the hypothesis that sex differences in ventral and middle frontal gray volume contribute to sex differences in antisocial personality disorder (APD) and crime. Participants were recruited from temporary employment agencies, consisting of normal controls, substance/alcohol-dependent controls, axis I/II psychiatric controls and individuals with APD. An independent sample of female volunteers was also recruited. Magnetic resonance imaging volumes of superior frontal, middle frontal, inferior frontal, orbital frontal and rectal gyral frontal gray matter, and dimensional scores of APD and criminal behavior were assessed. APD males when compared with male controls showed an 8.7% reduction in orbitofrontal gray volume, a 17.3% reduction in middle frontal gray and a 16.1% reduction in right rectal gray. Reduced middle and orbitofrontal volumes were significantly associated with increased APD symptoms and criminal offending in both males and females. Males as a whole had reduced orbitofrontal and middle frontal gray volume when compared with females, and controlling for these brain differences reduced the gender difference in the antisocial personality/behavior by 77.3%. Findings were not a function of psychiatric comorbidity, psychosocial risk factors, head injury or trauma exposure. Findings implicate structural differences in the ventral and middle frontal gray as both a risk factor for APD and as a partial explanation for sex differences in APD.
Introduction
The sex difference in violence and crime is well replicated throughout the world.
1 Classic sociocultural explanations of this sex difference have focused on the process of differential socialization, with both parent and peer group influences reinforcing aggressive and rule-breaking behavior in boys and more prosocial behavior in girls. 2 Although superficially attractive, reviews and empirical analyses have failed to document any convincing support for this theoretical perspective. 3, 4 Alternatively, it is conceivable that neurobiological processes in part account for the sex difference in antisocial behavior. One such candidate is volume of prefrontal gray matter. Reduced orbitofrontal volumes in men when compared with women have been reported. [5] [6] [7] [8] Furthermore, patients who have suffered demonstrable damage to the ventral, orbitofrontal regions of the prefrontal cortex (PFC) proceed to acquire an antisocial, psychopathic-like personality, 9 whereas volume reductions in prefrontal gray matter (including orbitofrontal cortex (OFC)) have been reported in several antisocial population. [10] [11] [12] [13] [14] Despite a resurgence of interest in sex differences and how they can provide critically important leads for explain the etiology of psychopathology, it has been argued that there is a surprising dearth of good research. 15 More specifically, three evidential criteria are required for causation: (1) males and females differ on the risk factor, (2) this risk factor increases the risk for psychopathology within each sex, and (3) when entered into a causal model, the risk factor reduces or eliminate the sex difference in psychopathology. 15 It was argued that no risk variable to date has met all criteria, although one previous study found that sex differences in a composite neurocognitive measure accounted for 18% of the sex difference in antisocial behavior, providing suggestive evidence for the possibility of brain processes as an explanatory factor for the gender difference in antisocial behavior. 4 We previously showed an 11% reduction in the volume of gray matter in the PFC in males with antisocial personality disorder (APD) 10 , but important questions remain in this sample. Specifically, it is not known whether: (1) the structural prefrontal impairment is localized to the orbitofrontal region or involves dorsolateral and other prefrontal regions, (2) the same ventral prefrontal impairments are found in relation to female antisocial behavior, and (3) reduced orbitofrontal volume in part explains why many more men than women have APD. Conceptually, if brain structural impairments relate to antisocial behavior in both males and females and also partly account for the gender difference in antisocial personality, this would raise the status of orbitofrontal deformation as a putative etiological agent. We addressed these three primary questions by conducting volumetric assessments of sub-regions of the PFC in both male volunteers from the community with and without APD, and also an unselected female group. All three evidential criteria 15 were examined to assess whether prefrontal gray volume is an etiological candidate for antisocial behavior.
Materials and methods

Subjects
A total of 90 subjects were drawn from five temporary employment agencies in Los Angeles. 10 This recruitment strategy was used because pilot data had shown that this community group had relatively high rates of violence perpetration. Subject groups consisted of 18 males with a Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) diagnosis of APD, 30 male controls who had neither APD nor drug/alcohol dependence and 24 male substancedependent controls who had a lifetime diagnosis of drug or alcohol dependence, but not APD. Subjects were unselected with the exception of the following exclusion criteria: age < 21 or > 45, non-fluency in English, history of epilepsy, claustrophobia, pacemaker and metal implants.
Normal controls, substance-dependent and APD groups did not differ on age (31.3, 30.2, 32.9; P = 0.42), intelligence quotient (100.4, 98.8, 98.8; P = 0.91) or ethnicity (53.3, 58.3, 33 .3% white; P = 0.25), respectively. After complete description of the study to the subjects, written informed consent was obtained.
Because the APD group had comorbid clinical conditions other than alcohol and substance abuse, a psychiatric control group was formed by matching the 18 APDs with 18 subjects (drawn from the remainder of the larger sample lacking APD; N = 78) on Axis I and II disorders. Percentages in each group (APD and psychiatric control groups, respectively) with a lifetime history of each class of disorders were as follows: schizophrenia-spectrum disorders (schizotypal, paranoid, or schizoid personality, psychosis and schizophrenia) 46.7 versus 53.3%, affective disorders (major depression and bipolar depression) 41.2 versus 58.8%, anxiety disorders (phobia, panic and generalized anxiety) 33.3 versus 66.7.0%, other personality disorders (borderline, histrionic, narcissistic, avoidant, dependent, depressive and obsessive-compulsive) 42.9 versus 57.1%. All differences were nonsignificant (P > 0.33).
In addition to the male sample, a small sample of 12 females was also recruited from the temporary employment agencies for making sex difference comparisons and for assessing the generalizability of findings from males to females. Females did not differ from males on age (33.9 and 31.3; P = 0.22), intelligence quotient (99.7 and 99.5; P = 0.97), social class intelligence quotient (41.0 and 39.3; P = 0.66), ethnicity (58.3 vs 50.0% white respectively; P = 0.59), but as would be anticipated from higher externalizing behavior problems in males, females had significantly lower rates of substance/alcohol dependence (16.7 vs 53.9%, respectively, w 2 = 5.76; P = 0.016).
Diagnostic, criminal cognitive and psychosocial assessments All diagnoses were made using DSM-IV criteria and ascertained using the Structured Clinical Interview for Axis I DSM-IV Disorders 16 and the Structured Clinical Interview for DSM-IV Axis II Personality Disorders. 17 Diagnoses were made by research assistants who had undergone a standardized training and quality assurance program for diagnostic assessment. 18 Perpetration of criminal offending was measured using the Self-Report Crime Checklist, 10 an adult extension and update of the self-report delinquency measure used in the National Youth Survey. 19 This instrument assesses 44 types of criminal offences over the lifespan (for example, burglary, theft, fraud, robbery, rape and assault) with each item rated on a three-point scale (no commission, 1-2 occasions and 3 or more occasions). It has high internal reliability (Chronbach's á = 0.92), good external validity in relation to APD symptom count (r = 0.69, P < 0.0001), and has been used in our previous studies on selfreport criminal offending. 10, [20] [21] [22] To help minimize false negatives (denial of violence by truly violent offenders), a certificate of confidentiality was obtained from the Secretary of Health that protected the research investigators under section 303 (a) of the Public Health Act 42 from being subpoenaed by any Federal, State or local court in the United States to release the self-report crime data. Consequently, subjects were protected from the possible legal action that could be taken against them for crimes that they had committed and admitted in interview, but which were not detected and punished by the criminal justice system. Estimated intelligence was based on five sub-tests (vocabulary, arithmetic, digit span, digit symbol and block design) of the Wechsler adult intelligence scale-revised. 23 Ten demographic and psychosocial measures were derived from a structured psychosocial interview with the participant, 10 with social class measured using the Hollingshead classification system. Image preprocessing. All image data sets were processed with a series of preparatory steps before manual delineation of prefrontal sub-regions using the LONI Pipeline Processing Environment (Los Angeles, CA, USA). 25 First, non-brain tissue and the cerebellum were removed from the brain images using BrainSuite 26 and small errors were corrected manually. Second, brain volumes were subjected to signal intensity inhomogeneity corrections. 27 The images were then aligned and placed into a stereotaxic coordinate system of the International Consortium for Brain Mapping 28,29 using a rigid body transformation without scaling the brain. 30, 31 Third, a fully automated tissue segmentation algorithm was applied and brain voxels were automatically classified as most representative of gray matter, white matter or cerebrospinal fluid, using a validated partial volume correction method. 32 Finally, for each subject, a high-resolution shape representation of the cortex was extracted using a three-dimensional active surface algorithm to aid the identification of anatomic boundaries for delineating the prefrontal sub-regions. 33 Prefrontal region-of-interest delineation. The parcellation of the PFC into five sub-regions (superior frontal, middle frontal, inferior frontal, orbitofrontal and rectal gyri) was conducted for each hemisphere using MNIDisplay, a visualization tool developed by McConnel Brain Imaging Center (http://noodles.bic.mni.mcgill. ca/ServicesSoftware/HomePage) following the methods detailed elsewhere. 34 All anatomical delineations were traced using each individual's three-dimensional cortical surface object and all three planes of the brain images to identify sulcal line markers for each sub-region. Delineations were also verified by using three human brain atlases. [35] [36] [37] All raters were blind to group membership and all other information on the participants. Raters conducted segmentation on participants irrespective of group membership. For inter-rater reliability, all anatomical regions were delineated on 10 randomly chosen image data sets; intra-class correlation coefficients for gray matter and white matter ranged from 0.90 to 0.97 in all five frontal sub-regions. Total brain volumes (including gray and white matter) were also extracted.
Statistical analyses
All analyses were conducted using SPSS (Chicago, IL, USA). Primary analyses were conducted on the larger sample of males, with the small female sample used for testing hypotheses on gender differences and independent replication. Regional specificity was examined using a 3 Â 5 Â 2 repeated measures multivariate analysis of variance design (three groups: normal controls, psychiatric controls and APD; five regions: superior, middle, inferior, orbital and rectal; two hemisphere: left and right). Regional volumes were expressed as a function of whole-brain volume. Separate analyses were conducted on gray and white matter volumes. Group Â region interactions were broken down using one-way analysis of variances on each region separately followed by independent t-tests. All tests of significance are two tailed. Effect sizes were calculated using Z 2 and Cohen's d. Pearson's correlation coefficients were used for assessing the degree of relationship between brain volumes and antisocial measures separately for males and females. The ability of measures to predict group membership was assessed using logistic regression and the Wald's w 2 statistic, with the Nagelkerke statistic used for variance estimation.
Results
PFC volumes in antisocial groups
Regional specificity. Gray volumes for all three groups across regions and hemispheres are illustrated in Figure 1 . Males with APD showed significant reductions in orbitofrontal, middle frontal gray and rectal gyral gray, but not in white, volumes (see Figure  2) . A repeated measures multivariate analysis of variance on gray matter showed a significant group Â region interaction (F(8,134) = 4.63, P < 0.0001, Influence of hemisphere. A significant group Â hemisphere Â region interaction was observed (F(8,134) = 2.56, P < 0.013, Z 2 = 0.13). Hemisphere influences were observed for middle and rectal gyral volumes, with group effects being stronger for the right hemisphere. A group Â hemisphere interaction for the middle frontal gyrus (F(2,69) = 3.61, P = 0.032, Z 2 = 0.095) indicated that groups differences were significantly stronger in the right than the left hemisphere. APDs had significantly reduced right middle frontal volumes compared with both normal controls (t = 4.33, d.f. = 46, P = 0.0001) and substance use controls (t = 2.48, d.f. = 40, P = 0.018). Nevertheless, APDs also showed significantly reduced left middle frontal volumes compared with both normal controls (t = 2.19, d.f. = 46, P = 0.033) and substance use controls (t = 2.29, d.f. = 40, P = 0.027).
A group Â hemisphere interaction was also found for rectal gyral volumes (F(2,69) = 3.24, P = 0.045, Z 2 = 0.086), indicating that groups differences were significantly stronger in the right than the left hemisphere. APDs had significantly reduced right rectal gyral volumes compared with both normal controls (t = 2.80, d.f. = 46, P = 0.008) and substance use controls (t = 2.54, d.f. = 40, P = 0.015), with no group differences for left hemisphere volumes (P > 0.38).
Antisocial behavior in neuroanatomically defined groups In addition to APD individuals having reduced orbitofrontal and middle frontal volumes, the converse was also observed. That is, individuals with relatively low orbitofrontal and middle frontal grey volumes were significantly more antisocial than those with relatively high volumes. The base rate for APD in this sample was 22.6%. This cut-point was therefore used to define groups with either high (top 22.6%) or low (bottom 22.6%) volumes for each of the four frontal regions. Although those with either low total orbitofrontal or low total middle frontal grey volumes had significantly higher scores on both diagnostic and self-report antisocial measures, no such differences were found for superior or inferior frontal gyral volumes (see Table 1 ).
Frontal gray: antisocial relationships in women and men In females, reduced orbitofrontal volume was associated with increased antisocial behavior (r = À0.67, P = 0.02) and personality (r = À0.58, P = 0.048, two tailed). Reduced middle frontal volume was associated with increased antisocial behavior (r = À0.62, P = 0.032) but not with increased antisocial personality (r = À0.41, P = 0.19). Similar significant relationships were observed in males in the same direction, but at a lower level of magnitude (see Table 2 ). No such relationships were observed for other frontal regions. Gender difference in antisocial behavior and brain volume Males as a whole were more antisocial than females on diagnostic and self-report measures of antisocial behavior (F(5,78) = 3.11, P = 0.013, Z 2 = 0.166; see Table 3a ). A multivariate analysis of variance also indicated that all males when compared with all females in the sample had reduced whole-brain corrected frontal volumes (F(5,84) = 3.48, P = 0.007, Z 2 = 0.007). More specifically, males compared with females had reduced whole-brain corrected orbitofrontal gray volumes (F(1,82) = 10.85, P = 0.001, Z 2 = 0.117), reduced middle frontal gray volume (F(1,82) = 4.44, P = 0.039, Z 2 = 0.051) and a trend for reduced rectal gyral volumes (F(1,82) = 3.37, P = 0.07, Z 2 = 0.039; see Table 3b ). Controlling for orbitofrontal gray alone reduced the gender differences in antisocial behavior by 65.9% (F(2,80) = 1.20, P = 0.30, Z 2 = 0.030). Controlling for middle frontal gray rendered the gender effect marginally significant, reducing it by 34.1% (F(2,79) = 2.45, P = 0.093, Z 2 = 0.058). Controlling for rectal gyral gray also rendered the gender effect marginally significant, reducing it by 21.6% (F(2,79) = 2.92, P = 0.06, Z 2 = 0.069). Controlling for all three brain regions largely abolished the gender difference in antisocial behavior, reducing it by 77.3% (F(2,77) = 0.94, P = 0.46, Z 2 = 0.020).
Controlling for other psychiatric comorbidity
Although differences between APDs and substance dependents indicated that the frontal gray deficits are not an artifact of comorbidity in APDs for alcohol and substance dependence, it is possible that these deficits could be attributed to comorbid affective and schizophrenia-spectrum disorders that are also present in the APDs and that have been shown to have prefrontal structural deficits. 38 This possibility was tested by comparing APDs with the psychiatric control group.
The APD group again showed significant reductions in orbitofrontal, middle and rectal frontal gray, but not in white, volumes. The previous groupregion Â hemisphere interaction remained significant (F(4,31) = 4.12, P = 0.006, Z 2 = 0.347). A breakdown of 
Controlling for head injury and trauma exposure
Ventral PFC is particularly sensitive to head injury, and trauma exposure could also be an environmental contribution to volume loss. The potential contribution of these factors to antisocial-frontal gray relationships was examined by entering the history of head injury and trauma exposure as covariates in the above analyses. The APD group again showed significant reductions in orbitofrontal, middle frontal and rectal frontal gray, but not in white, volumes. The previous group Â region interaction remained significant (F(8,130) = 4.28, P = 0.0001, Z 2 = 0.21). Significant main group effects were again obtained for orbitofrontal gray (F(1,34) = 6.99, P = 0.012, Z 2 = 0.171), middle frontal gray (F(1,34) = 10.45, P = 0.003, Z 2 = 0.235) and rectal gyral gray (F(1,34) = 4.58, P = 0.04, Z 2 = 0.119), but not for superior (P = 0.68) or inferior (P = 0.28) frontal sites.
The group Â region Â hemisphere interaction also remained significant (F(8,130) 
Prediction of group membership
In a logistic regression in which APDs were compared with controls, the three variables of total orbitofrontal, right middle and right rectal frontal gray volumes predicted 55.1% of the variance in group membership (w 2 = 24.88, d.f. = 2, P < 0.0001), and predicted group membership with an accuracy of 83.3%. Similarly, in predicting APD versus psychiatric control group membership, these measures accounted for 48.0% of the variance (w 2 = 16.08 and P < 0.0001), and again correctly classified 83.3% of group members. Furthermore, in predicting APD versus substance-dependent control group membership, these measures accounted for 31.6% of the variance (w 2 = 11.25 and P < 0.004), and correctly classified 69.0% of group members.
Independence from psychosocial risk factors Prefrontal deficits were independent of psychosocial deficits in the APD group. This was showed by entering 10 demographic and psychosocial risk factors for antisocial personality (parental social class, early parental divorce, parental verbal arguments, parental criminality, parental physical fights, family size, physical abuse, sexual abuse, raised in an institution and raised by foster parents) into a logistic regression in a single block using forward entry, after which APD versus control group differences remained significant for the three frontal gray (middle, orbital and rectal) measures (w 2 = 37.38, d.f. = 3, P < 0.0001). In a similar analysis comparing the APDs with the substance-dependent group, effects remained significant for frontal gray measures after Orbitofrontal gray and antisocial personality A Raine et al controlling for the 10 psychosocial measures (w 2 = 13.7, d.f. = 3, P = 0.003). These analyses indicate that frontal deficits in APDs cannot be attributed to psychosocial deficits.
The prefrontal measures added substantially to the prediction of APD versus control group membership over and above psychosocial measures. The 10 psychosocial variables in the above logistic regression accounted for 54.1% of the variance. After the additional entry of the three prefrontal gray measures into the regression equation, the amount of group variance explained increased significantly (w 2 = 37.39 and P < 0.00001) to 100%. Prediction of group membership also increased from 73.9% correctly classified to 100% after including frontal measures. Similarly, in a comparison of APD versus substancedependent groups, the psychosocial variables explained 47.4% of the variance, which increased significantly to 74.7% of the variance after entry of the three frontal variables. Accuracy of group prediction increased from 78.0 to 92.7%.
Discussion
This study delineates a structural deficit to gray matter localized to middle frontal, orbitofrontal and rectal gyral regions of the frontal cortex in those with APD when compared with normal controls. Middle frontal and rectal gyral structural impairments were stronger in the right than left hemisphere. The same findings were observed when comparisons were made with both substance abuse and other psychiatric disorder control groups. Reversing the study design, those with low volumes of orbital and middle frontal gray volumes showed significantly higher levels of antisocial behavior, indicating robustness of antisocial-neuroanatomical relationships. These deficits were also independent of major psychosocial risk factors for APD, and significantly added to the prediction of group membership over and above psychosocial predictors. Males showed a reduced volume of orbitofrontal and middle frontal gray volumes, and controlling for this anatomical gender difference rendered the gender difference in antisocial behavior nonsignificant. Findings give rise to the hypothesis that part of the gender difference in antisocial behavior is attributable to gender differences in the PFC.
How may structural impairments to ventral and middle frontal gray matter translate into increased risk for APD? Regarding the functional neuroanatomy of the ventral PFC (lateral and medial regions), this region is centrally involved in decision making, 39 controlling and correcting punishment-related behavior, 40 fear conditioning, 40 passive avoidance learning, 41 response perseveration, 42 the representation of the reward value of reinforcers, 40,41 emotion regulation, 41, 43 behavioral inhibition, 44, 45 compassion and caring for others, 46 reduced expression of negative affect during parent-child interactions, 45 affective theory of mind, 47 sensitivity to others' emotional states 48 and lack of insight. 49 In parallel with these brain-function relationships, antisocial children and adults have been found to show impaired decision making, 39 poor fear conditioning, 50 poor passive avoidance learning, 51 poor emotion regulation, 11 behavioral disinhibition, 52 callousness, 53 response perseveration, 54 more negative affect expression to parents, lack of empathy 55 and lack of self-insight. 56 With respect to the middle frontal gyrus (BA 10, 46, 9), this region constitutes a component of the neural circuitry subserving fear conditioning, 57 failure to alter punished behavior, 58 contingency awareness during aversive classical conditioning, 59 response inhibition, 60 moral decision making, 61 choosing delayed rewards as opposed to immediate rewards, 62 empathy to pain stimuli 63 and introspective evaluation of one's thoughts and feelings. 64 Correspondingly, offenders have been found to show poor fear conditioning and lack of fear, 50,65 disinhibited behavior, 52 have impaired moral judgment and break moral boundaries, 66 are less able to delay gratification, 67, 68 lack empathy 55 and lack self-insight. 56 Taking both dorsal and ventral structures together, there is reason to believe that structural impairments to the middle frontal and ventral PFC may give rise to a constellation of social, cognitive and emotional risk factors that increase the likelihood of antisocial behavior and personality. The fact that both ventral and middle frontal brain regions contribute to some of the same functional risk factors for antisocial behavior (poor fear conditioning, lack of insight and disinhibition) suggests the salience of both these wellreplicated neurocognitive risk factors and also that outcome for antisocial behavior may be especially likely when both of these regions are structurally compromised.
When expressed as a function of whole-brain volumes, unselected males had a volume of orbitofrontal gray matter that was 12.6% lower than that of unselected females. This difference is similar to the 16.7% reduction in whole-brain corrected orbital frontal cortex volumes observed in males. 5 Reduced OFC volumes in men have also been reported by Gur et al., 7 while Good et al. 8 have similarly reported significantly lower gray matter OFC concentrations in males compared with females. A large study of 465 normal adults using voxel-based morphometry also observed significantly smaller right OFC volumes in males compared with females. 6 Furthermore, males have been reported to show lower activation of the OFC compared with females when performing a variety of tasks, including verbal fluency, 69 working memory, 70 processing unambiguous threat stimuli 71 and working memory during a negative emotion context. 72 Not all studies have observed this male inferiority. 73 For example, one study did not observe reduced OFC volumes in males, although a 10.3% volume reduction in males in the neighboring ventromedial (straight gyrus) region was found, similar to the nonsignificant 10.4% reduction observed in the rectal gyrus in males in the current Orbitofrontal gray and antisocial personality A Raine et al study. 74 Furthermore, some studies have observed sex differences in adults but not in adolescents, 71 arguing for a transition in differential brain development between the sexes from adolescence to adulthood. 75 Males have also been reported to show stronger agerelated volume reductions in orbitofrontal volumes when compared with women. 76 Future imaging studies on children and adolescents could test whether sexual dimorphism is similarly observed and accounts for sex differences in adolescent antisocial behavior.
Findings indicate that a significant proportion (77.3%) of the gender difference in antisocial behavior can be accounted for by gender differences in ventral prefrontal gray matter. Strikingly, gender differences were found in frontal sectors that are associated with antisocial behavior, but not in those sectors that were not associated with antisocial behavior. Although the findings of this study satisfy the three evidential criteria for causation, 15 we caution that the gender difference in antisocial behavior likely has multiple neurobiological contributions, with ventral gray volume being only one of them. Furthermore, these findings do not rule out some role for socio-cultural explanations founded on differential socialization of prosocial and antisocial behavior. 2 These findings do however provide additional support for the contribution of prefrontal impairments, particularly ventral and middle frontal gray, in the etiology of APD.
The question of what causes the structural prefrontal gray loss in those with APD cannot be resolved in this study, and remains a critically important issue to address in future studies. Initial hypotheses can however be developed that can be tested in future studies that assess putative causal agents in association with brain-behavior measures. For example, exposure to mother's smoking during pregnancy is a well-replicated risk factor for later criminal and violent offending, 76 and exposure to smoking has also been found to thin gray matter in the middle frontal gyrus. 46 Lead exposure is both associated with both conduct disorder/juvenile delinquency 77 and also reduced volume of the lateral ventral PFC, particularly in males. 78 The ventral PFC is particularly susceptible to head injury, and impulsive antisocial individuals are more susceptible to accidents and injuries. Although we failed to support head injury as a mediating factor, early infant abuse cannot be ruled out as a potential contributing causal agent. Alternatively, because behavioral genetic studies have shown that 90-95% of the variance in prefrontal gray is under genetic control, 79 and given the findings from over 100 twin and adoption studies showing that 40-50% of the variance in antisocial behavior is also under genetic control, a genetic etiological contribution to the ventral gray-antisocial relationship cannot be ruled out.
Hemisphere influences were observed for middle and rectal gyral volumes, with group differences being stronger for the right hemisphere. Interpretation of this hemisphere interaction must proceed cautiously, because robust, replicable asymmetries have not generally been observed in the literature for these frontal regions. Nevertheless, right (but not left) middle frontal activation has been found for empathic processing of pain, 80 as well as self-awareness. 81 Similarly, right but not left ventromedial activation has been associated with successfully inhibiting responses to unpredictable events. 82 Consequently, reduced volumes of right middle and rectal regions may help explain the indifference to the pain of others, lack of self-awareness of their actions on others, and the impulsive-aggressive behavior that are found to characterize individuals with APD.
It should be emphasized that the sample size of females is small, and similar to all initial findings, they need to be replicated and extended. At the same time, the small female sample size biases toward type II error rather than type I error and does not explain why the antisocial-prefrontal gray correlational findings in males are replicated in an independent sample of females. Furthermore, it is re-emphasized that findings should not be interpreted as ruling out cultural and socialization influences on the gender difference in antisocial behavior, but instead as suggesting that neurobiological influences may have an additional significant role. Despite these limitations, findings give rise to the hypothesis, which is testable in future studies, that structural differences in the ventral and middle frontal gray exert an effect as both a risk factor for APD and as a partial explanation for sex differences in APD and crime.
